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Abstract 
This paper proposes a new localization algorithm THFL (Two-Hop Focus Localization) for wireless sensor network 
(WSN). This algorithm focuses the localization area of nodes in WSN by using the anchor nodes communicating 
directly and two-hop with unknown nodes. The advantage of this algorithm is that no additional hardware is needed, 
and the localization accuracy of classic range-free localization is improved obviously. From the simulation of this 
algorithm, we get the expected results. 
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1. Introduction 
In the past decade, researchers have proposed various algorithms for wireless network localization. 
The localization problem can be described that, in a multi-hop network in which the own locations of 
multiple nodes has been known, the locations of unknown nodes are obtained by using the localization 
system and available known information. Here, the localization system is composed of three parts which 
are the distance/angle estimation, location calculation and localization algorithm. The distance/angle 
estimation is to provide the estimation on distance or angle between two nodes. The methods of 
distance/angle estimation include RSSI (Received Signal Strength Indicator), TOA (Time of Arrival), 
TDOA (Time Difference of Arrival), AOA (Angle of Arrival) and so on. The location calculation is to 
calculate the locations of nodes according to the available information. The methods of location 
calculation include triangulation, trilateral or multilateral measurement, and hyperbolic measurement, etc. 
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The localization algorithm is a main part of the localization system, and can be classified as Range-Based 
or Range-Free localization [1-3].  
In this paper, the region of unknown nodes is focalized by using the sets of two-hop anchor nodes to 
improve the localization accuracy of the algorithm. On one hand, this method preserves the low power 
consumption of Range-Free algorithm, and extends the utilization life of nodes. On the other hand, this 
method also focuses the area of unknown nodes based on received signal strength to improve the 
localization accuracy of nodes [4]. 
2. Network model and basic hypothesis 
Before giving the network model, we first define some basic concepts used in localization. There are 
two types of nodes in the localization system. One is the unknown node (unknown node) and the other is 
the anchor node (anchor). Unknown nodes are the nodes whose locations are unknown in the network, 
and have not special hardware devices to obtain their own location information. Anchor nodes are the 
nodes whose physical locations can be obtained directly by using GPS or other external devices, or be 
determined according to the known distribution but not calculated based on the localization system. 
Among them, the anchor nodes are the basis of the localization system [5]. 
In this paper, we assume the existence of a multi-hop wireless sensor network. In the network, each 
node (including the unknown nodes and anchor nodes) spreads information in a range with the actual 
position of each node as the center, and R as the radius, that means the communication radius is R. 
Actually, communication range is not a perfect circle but an irregular shape [6]. That will not influence 
the accuracy of this algorithm. Therefore, we choose the simplified transmission model for describing the 
algorithm easily. In the network, each node can find the one-hop and two-hop nodes of its own. Here, 
one-hop nodes are the ones whose distances from the node are within [0, R]. Similarly, two-hop nodes are 
the ones whose distances from the node are within (R, 2R].  
3. Localization algorithm based on two-hop focus 
Assume the existence of n unknown nodes and m unknown anchor nodes, and m <<n. This algorithm 
can be divided into three steps, which are determining a collection of two-hop anchor nodes, meshing, 
and calculating the number of votes and the location of unknown node. 
3.1.  Determining the set of two-hop anchor nodes  
Unknown nodes collect all of the anchor node information received through monitoring. If the set of 
all the anchor nodes monitored by the unknown node S , coordinate as ( , )S Sx y , is sL H , and the 
corresponding coordinates of anchor node is ( , )i ix y , those nodes locate in the circle with ( , )S Sx y  as the 
centre and R as the radius, and are called one-hop anchor nodes [7]. 
                                                   { }1 1 1, 1, 2,S iLH S L R i L= − ≤ = L                                                         (1) 
Collect all of the anchor nodes adjacent to one-hop anchor nodes in  1SLH  as two-hop anchor nodes. 
The corresponding coordinate of the anchor node is respectively ( , )j jx y . Namely, two-hop anchor nodes 
locate in a ring with ( , )i ix y  as the center, R and 2R as the internal and external radius respectively. 
{ }2 2 22 , 1, 2,S jLH R S L R j L= < − ≤ = L                                                (2) 
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Therefore, for the unknown node S , one-hop anchor nodes have 1L , the set of which is 1SLH , and two-
hop anchor nodes have 2L , the set of which is 2SLH  . 
3.2. Meshing and voting 
In the set 1SLH  of all the anchor nodes, we find the minimum and maximum coordinates of the anchor 
nodes. Certainly, the minimum coordinate min min,x y  maybe does not belong to the same node, so does the 
maximum coordinate. If the unknown node can receive the beacon from the anchor node i the coordinate 
of which is ( )min , ix y , the unknown node S  must be in the left of the vertical line minx R+ . Similarly, the 
unknown node S  must be in the right of maxx R− , in the underside of the horizontal line miny R+ , in the 
upside of the horizontal line maxy R− .  We can estimate preliminarily that possible region of the unknown 
node is P_rec (x_max-R, x_min + R, y_max-R, y_min + R ) [8]. 
By using P_rec rectangular area as the size of the area, we divide P_rec into multiple small grids with 
S as the length of side, and utilize the midpoint of the grid to represent the grid. The midpoint of each grid 
is denoted as ( )viii vyx ,, . Here, ii yx ,  means the coordinate of the grid centre, and iv  denotes the number of 
votes of the grid, with initial value as 1. 
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Fig.1. Meshing for region m nA ×  of unknown nodes 
With the ii yx ,  in 2LS ( )2, ii yx  as the center of the circle, R as the radius, voting to each node in ( )viii vyx ,, ,
if formula (3) is satisfied, the number of votes of this node is 0. After the voting, calculate the coordinates 
of all nodes with the 0 vote, and remove them, then the remaining sets of coordinates in ( )viii vyx ,,  is 
denoted as ( ) 1,, viii vyx .
( ) ( ) 22222 Ryyxx iviivi <=−+−                                           (3) 
Similarly, with the ii yx ,  in ( )1,, iii lyx  as the center of the circle, R as the radius, voting to each node in ( ) 1,, viii vyx , if formula (4) and (5) is satisfied, the number of votes of this node is 0. Calculate the 
coordinates of all nodes with the 0 vote, and remove them, then the remaining sets of coordinates is 
denoted as ( ) 2,, viii vyx .
( ) ( ) ( )21211211 _ rElyyxx iiviivi −<−+−                                    (4) 
( ) ( ) ( )21211211 _ rElyyxx iiviivi −>−+−                                    (5) 
3.3. Calculation of the unknown node location 
To make the minimum mean square estimation for the set of the remaining coordinates from the part 
3.2 by using one-hop set 1LS ( )1,, iii lyx  of the anchor nodes, that is, 
( ) ( )( ) 2/1221221_ ivjivji yyxxcall −+−=                                       (6) 
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When the estimation iE （ ( )mi ,1∈ , m denotes the number of coordinates in ( ) 2,, viii vyx ） of each node in ( ) 2,, viii vyx  has been obtained by using one-hop nodes, we array all the iE , and find the minimum one to 
take its coordinate as the estimation of the unknown node, denoted as ( )ii yx , .
4. Algorithm simulation 
For validating the performance of the algorithm, this paper implements a series of simulation for this 
location algorithm. In the simulation, the initial network is set to a 5 5R R×  square network, and nodes of 
the network topology are randomly generated in uniform distribution. There are 200 nodes, 10 to 70 
anchor nodes, and the communication radius is 10 meters, the estimation error being E_er = 0.4R. 
In the simulation of the ratio of anchor nodes, assuming other conditions unchanged, the proportion of 
anchor nodes increases from 5% to 35%. To compare the influence of ranging error on different anchor 
nodes, the results are shown in Figure 2 (a) and (b). 
                       
Fig.2. (a) the influence on localization error from different ratio of anchors; (b) the influence on localization proportion from 
different ratio of anchors  
In the simulation of the number of nodes, assuming other conditions unchanged, the number of nodes 
increases from 200 to 500. To compare the relationship of localization error and ratio to the total number 
of nodes, the results are shown in Figure 3 (a) and (b). 
                         
Fig.3. (a) the influence on localization error from the number of nodes; (b) the influence on localization proportion from the number 
of nodes 
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From Figure 2-3, it can be concluded that THFL algorithm has ideal localization performance, and is 
influenced by the density of nodes, the ratio and estimation error of anchor nodes. Specifically, the 
localization error decreases along with the number of nodes increasing, and increases along with the 
estimation error of the anchor node increasing. The localization accuracy is improved along with the 
density of nodes increasing.  
5. Conclusions 
The THFL algorithm in this paper combines Range-Based and Range-Free localization, and skillfully 
utilizes two-hop anchor nodes to filter and focus the area of unknown nodes. This algorithm increases the 
localization accuracy, as well as minimizes the energy consumption of the hardware. The results of 
simulation show that the algorithm has ideal localization performance, and can flexibly adjusts the density 
of nodes and the proposition of anchor nodes which influence performance variously, according to the 
application requirements. Next, we will analyze the localization performance of this algorithm for 
unknown nodes on mobile environment, and extend the application fields of this algorithm, so that it can 
be utilized to the localization for the nodes of mobile sensor network. 
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